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ABSTRACT 


Results of a piloted simulation of an Advanced Hingeless Rotor 
XV-15 Tilt-Rotor Aircraft are presented. The simulator pilot 
had previous experience flying the NASA-Ames FSAA simulation 
of the current gimballed rotor NASA/Army XV-15 tilt rotor. 
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SUMMARY 


i.^ T- 4 .C 111 +-S of a piloted simulation of an 

The report presents the result Aircraft. The piloted 

Advanced ^ilot Lorn NASA-Ames who had previous 

evaluation was made by ^ P . - current gimballed rotor 

NSlMmfxv-ir’ ?hr“aluaUon%ofnterrp''th"e need for sc«e 
NASA/Army XV . force feel system in order to provide 

Taflf for=r«m ™ rapi/oaneuvers ^S-e addr^onal 

p“1o?jrn«.“*Svrriri l^^^opinion on the 

.7^ 7 ^ YV- 1 S tilt rotor was favorable, me pixwt 

hingeless rotor XV la tiir to . , r fuo hingeless tilt- 

"rftof ?irl»?t“«Soep? Td reooLends that development of the 

hingeless tilt-rotor concept be continued. 
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1 . 0 INTRODUCTION 


The work reported in this accument was undertaken as part of a 
more extensive program which has as its objective the flight test 
demonstration of a NASA-Army XV-15 Tilt-Rotor Research Aircraft 
which will be modified by replacing the current gimballed rotor 
with a larger diameter hingeless rotor fabricated from advanced 
composite materials. The current MASA-Army tilt rotor research 
aircraft project is aimed at verifying the feasibility of the 
tilt-rotor concept through investigation of the performance, 
stability and handling qualities of the XV-15 tilt rotor. This air- 
craft utilizes 25-foot gimballed rotors constructed of bonded 
aluminum honeycomb and stainless steel. Replacement of these rotors 
by advanced-technology fiberglass/composite hingeless rotors of 
larger diameter, combined with an advanced integrated fly-by-wire 
control system, will further enhance the flying qualities, perfor- 
mance, maneuverability and rotor system fatigue life of the XV-15. 

During 1976 a mathematical simulation model was developed in order 
to study the performance and control requirements of the NASA/Army 
XV-15 tilt-rotor aircraft equipped with Boeing 26-foot diameter 
hingeless rotors and fly-by-wire controls. Using the model, a 
piloted simulation was conducted to determine the handling qualities 
of the aircraft in hover, transition and airplane flight. The 
results of that study are reported in Reference 1. 

The present work reports on a further piloted evaluation session 
using a pilot from NASA-Ames who had experience flying the FSAA 
simulation of the existing XV-15 aircraft. Because the visiting 
pilot was unfamiliar with the Boeing-Vertol simulation facility a 
baseline simulation of a familiar aircraft (a CH-47 Chinook) was 
also prepared. Flights were made with the CH-47 to enable the pilot 
to get a feel for the capabilities and limitations of the simulator. 
Following the familiarization runs the pilot was switched to the 
hingeless rotor XV-15 simulation, and a comprehensive program of 
runs at various flight conditions from hover through high speed 
cruise was completed. 

The following sections present brief discussions on the mathematical 
models and the simulator configuration. The maneuvers and pilot 
comments are presented along with some engineering comments. A 
copy of the report written by the evaluating pilot 1 .«j included as 
an appendix. 
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2.0 MATHEMATICAL MODELS 

2.1 BASELINE CH-47C MATH MODEL 

A mathematical model of the CH-47C helicopter was used to provide 
a baseline for pilot familiarization with the Boeing-Vertol 
simulator system. The model is described in Reference (2) . The 
model as implemented represented the C-Model Chinook at a gross 
weight of 33,000 pounds. 

2.2 ADVANCED HINGELESS ROTOR XV-15 TILT-ROTOR MATH MODEL 

The basic mathematical model of the Hingeless Rotor XV-15 is that 
described in Reference (1). During the preparation period before 
evaluation by the NASA pilot, the following changes were made 
to the simulation. 

2.2.1 Power Lever 

The side-arm-controller type power lever arrangement used in the 
past simulations was replaced by a collective/power lever similar 
to that utilized in the NASA/Army XV-15. Evaluation by the Boeing 
pilot indicated that the collective type power lever was as 
satisfactory as the side-arm style lever. 

2.2.2 Nacelle Control 

Nacelle tilt control was changed from a variable rate beep system 
to a fixed rate control corresponding to that on the existing 
XV-15. The previous variable rate system permitted the pilot to 
select any nacelle beep rate from zero up to the maximum capability 
of the nacelle drive system. It was thought that this feature 
resulted in improved control. However, piloted evaluation showed 
that a fi;:ed-rate beep was just as effective. 

2.2.3 Cyclic-on-the-Stick 

The mathematical model incorporated the preliminary cyclic-on- the - 
Stick system described in Reference (1). This feature was not 
evaluated during the piloted simulation session reported in this 
reference. Cyclic-on-the-stick is a rotor loads control method 
wherein lateral (A^) and longitudinal (Bj^) cyclic pitch is fed 
to the rotors in response to movement of the pilot's longitudinal 
stick. The amount of cyclic is a function of stick position and 
nacelle angle, and is such as to yield an incxsmental nose down 
rotor moment for an aft stick displacement. The cyclic input is 
rate limited (0.5 degrees per second) in order to maintain a 
smooth variation of pitch control power. 
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2.2.4 Conversion Guide 

A conversion guide, Figure 1, was provided that presented the 
pilot with information on the aircraft's position in the conver- 
sion corridor, as defined by airspeed and nacelle angle, with 
respect to the aircraft stall boundary and rotor loads/engine 
torque limit boundaries. The conversion guide mask was mounted on 
the face of a CRT which was placed to the left of the cab viewing 
screen as shown in Figure (1) . The CRT beam was driven by air- 
speed (X) and nacelle angle (Y) . 

2.2.5 Motion Base 

During the previous simulation period the Boeing pilot found the 
cab motion base to be unrealistic. He complained of abrupt wash- 
out and recentering motions and exaggerated side force cues. 

Prior to the simulation period reported herein, much time was 
spent reworking the motion system gains and time constants in 
order to improve the motion characteristics. A compensation net- 
work was implemented to eliminate a 0.25 second time lag in the 
response of the cab and visual to pitch inputs. The lag was 
caused by time frame and trunking delays between the computer and 
the simulator cab. This delay was most noticeable during hover 
and low speed flight. The compensation network succeeded in reduc- 
ing this lag to a level below pilot threshold of perception. 

2.2.6 Thrust Management/Governor System 

The governor system described in Reference (1) achieved control 
of rotor RPM by increasing or decreasing collective pitch. During 
the piloted simulation session reported in Reference (1) governor 
runaways were encountered in steep descents (>2,000 feet per minute) 
at low power settings and at high nacelle angles (>70*) . Investi- 
gation showed that the cause was a change in sign of the slope of 
the rotor power vs collective curve occurring at low advance 
ratios and high rotor angles of attack. Thus, retarding the 
throttle reduced the power available, rotor RPM started to drop 
and the governor acted to maintain RPM by reducing collective. 
Normally this would also decrease power required and RPM would 
stabilize. However, in these flight conditions an increase in 
collective is required to reduce power. Thus, the governor law 
"increased collective « increased power required" is violated and 
the governor runs away. 

This deficiency in the governor design was corrected by arranging 
for a second path in the thrust management system which demands 
increased fuel flow when the collective required by the governor 
falls below 0®. The new governor block diagram is presented in 
Figure 2. 
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FIGURE 1. INSTRUMENT PANEL LAYOUT 
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FIGURE 2. THRUST flANAGEIlENT/GOVERNOR SYSTEM 
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2.2.7 Longitudinal and Lateral/Directional SCAS 

No fundeunental changes were made to the SCAS system on the HTR 
XV-15 prior to evaluation by the NASA pilot. However, in 
response to pilot comments during the checkout phase, some of the 
gains and time constants were adjusted. Additionally, a modifi- 
cation was made to the lateral stick roll beep trim function. 

In the previous simulation, operation of the lateral beep trim 
moved the stick laterally. This was changed so that operation 
of lateral beep repositioned the roll attitude reference in the 
SCAS. 

The revised SCAS diagrams are shown in Figures 3 through 6 and 
the changes in gains, etc. are indicated. 




















naii. SAS 
















FIGURE 6. LATERAL/DI HECTIONAL SCAS SYNCHRONIZER AND LOGIC 




D210-11255-1 


3.0 SIMULATOR DESCRIPTION 

The Boeing Vertol simulation facility consists of a 6 degree-of- 
freedom, small-motion pilot cabin driven by signals from a Xerox 
Sigma 9 digital computing system. The pilot's cabin is equipped 
with an adaptable instrument panel, a variable flight control 
force-feel system, and an out-of-the-window visual display. The 
visual display is generated by a black-and-white television camera 
moving over a terrain model. The image is viewed by the pilot 
through a large collimating lens providing a field of view measur- 
ing 38 degrees vertically by 53 degrees azimuthally with 0 degrees 
depression angle. 

3.1 MOTION SYSTEM PERFORMANCE 

The limited motion, 6 degrees-of-f reedom pilot's cabin has the 
following performance: 

Payload (including pilot) 770 Lbs 

Travel Limits (stop-to-stop 
total) : 

Vertical 

Longitudinal 12.7 cm -(5 in.) 

Lateral 


Pitch 

Roll 

Vaw 

Pitch Tilt 


13 Degrees 
19 Degrees 
1? Degrees 
26 Degrees 


Rate Limits with Zero Acceleration: 


Vertical 

Longitudinal 

Lateral 

Pitch 

Roll 

Yaw 


+ 0.66m/s (+26 in. /sec.) 
+ 1.04m/s (+41 in. /sec.) 
+ 0.66m/s (+26 in. /sec.) 
+69 deg. /sec. 

+97 deg. /sec. 
+155 deg. /sec. 


Acceleration Limits for Zero Rates (incremental values) : 


Vertical 

Longitudinal 

Lateral 

Pitch 

Roll 

Yaw 


19.63m/s2 (+64.4 ft. /sec. ^) 
10.79m/s2 (+35.4 ft. /sec.-) 
8.81m/s2 (+28.9 ft. /sec. 2) 
+248“’deg./sec.2 
+414 deg. /sec. 2 
+745 deg. /sec. 2 
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3 . 2 CONFIGURATION OF PILOT’S CABIN 

The cabin of the simulator was configured to represent approximately 
the layout of the NASA-Army XV-15 aircraft instrument panel and 
controls. Because the simulator was also being used to evaluate 
current Company helicopter designs, some compromises had to be 
made in instrument placement so as to minimize configuration 
changes when switching back and forth between aircraft models. 

4.3 INSTRUMENTS AND CONTROLS 

Instruments and primary controls were positioned in the single- 
seat cabin such that the pilot flew as if from the right seat. 

Figure 1 shows the instrument panel layout used throughout the 
simulation and Table 1 details the instruments and ranges. The 
pilot's force-feel system was programmed to deliver breakout forces 
and gradients according to those shown in Figures '7a and 7b. 

The control stick in the simulator was mechanically limited to 
+4.8" longitudinally and laterally, and the pedals to +2.5". A 
beep force-trim hat switch was mounted on the stick enabling the 
pilot to zero out stick forces and to make small trim adjustments 
to the aircraft. Initially beep trim was washed out as a function 
of dynamic pressure according to the equation; - 

beep trim rate * 0.5 - 0.00131qp inches per second. 

Later in the program this was changed to 

beep trim rate » 0.5 - . 00060 5qp inches per second 
in order to achieve more rapid trimming. 

A magnetic brake, operated by a button on the stick, was provided 
to simultaneously zero out stick and pedal forces. This feature 
was introduced for evaluation purposes only since the existing 
XV-15 does not have a magnetic brake force release. Detents on 
the lateral stick and pedals were set to +0.05 inches. 

As mentioned in Section 2.0, the power lever was reconfigured to 
approximate that used in the XV-15. A sketch of the power lever 
is shown in Figure 8. The lever commanded the power of both 
engines and provided collective pitch lead in hover and transition 
with rotor speed controlled by the governor. Rotor RPM is scheduled 
with nacelle angle. A thumb switch, loaded-to-center , with detent 
and breakout was mounted on the head of the power lever and 
controlled nacelle tilt angle. The power lever had a travel of 
10 inches covering the range from flight idle to maximum power. 

A flap lever and a landing gear up-down select lever were mounted 
on the sidewall of the simulator cabin. The flap lever 

commanded settings of 0, 20, 40 and 75 degrees only. Flap extend/ 
retract time was fixed at 5 degrees per second. A 4 second cycle 
time on the landing gear switch was used. 

12 
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DYNAMIC PRESSURE - LBS/FT^ 



0 100 200 300 400 500 

DYNAMIC PRESSURE - LBS/PT^ 

FIGURE 7a. REVISED LONGITUDINAL AND PEDAL 
FORCE GRADIENTS 
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FIGURE 3 • SKETCH OF POlifER LEVER ARRANGEMENT . 
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CAB INSTRUMENIATION 


Instrument 


Range 


Vertical Situation Indicator 
Horizontal Situation Indicator 
Airspeed 

Pressure Altimeter 
Radar Altimeter 
Rate of Climb 
Turn and Bank 

’g’ Meter 
Nacelle Angle 
Clock 

Sideward Velocity 
Angle of Attack 
Wing Flap Position 
Rotor Speed 

Engine Torque Meters (2) 


+90* Pitch and Roll 
+180* Heading 
0 520 KIAS 

0 ->• lO/OOv Feet 
0 -► 1,000 Feet 
+ 6,000 Feet/Minute 
+ Needle Widths 
+ 1-1/2 Ball Widths 
-1, +3 'g* 

0 ^ 120 * 

+40 Knots 
+ 20 * 

0 ^ 100 * 

0 H. 125% 

0 ^ 125% 


PRIMARY FLIGHT CON'»’ROLS 


Stick (+4.8" Longitudinal and Lateral) 

Pedals T+2.5") 

Power Lever (0 10") 

Nacelle Position Thumb Switch on Power Lever 

MISCELLANEOUS EQUIPMENT AND FEATURE S 

Back Drives to Trim Stick and Pedals while in Initial Condition 
(I.C.) 

Landing Gear Up - Down Switch with Indicator Light 
Flap Select Lever 0*, 20*, 40*, 75* 

Detent Switches on Spring Cartridges (Pedals & Lateral Stick) 
Magnetic Brake on Pedals, Longitudinal and Lateral Controls 
Longitudinal and Lateral Beep Force Trim on Stick 
Power Lever Null Meter 
Toe Brakes 

Specified Force Feel System 


TABLE 1. HINGELESS ROTOR XV-15 PILOT STATION FEATURE SUMMARY. 

16 


<^higinal page is 

OF POOR QUAUTIQ 


D210-11255-1 


4.0 PILOTED SIMULATION 

The piloted evaluation was conducted by LTC T. Wright during the 
period 16 through 20 May 1977. Colonel Wright has logged a 
substantial amount of time in the NASA/Army XV-15 simulation at 
NASA-Ames. Approximately 15 hours of productive simulator flying 
was accoR^lished - 12 hours on the Advanced Hingeless Rotor XV-15 
and the remaining three hours on the CH-47 familiarization simu- 
lation. 

4 . 1 EVALUATION OF BASELINE CH-47C SIMULATION 


The pilot was briefed on the CH-47C simulation, the cab configur- 
ation, flight controls, instrumentation and the layout of the 
terrain model. A period of flight familiarization followed 
during which the pilot became accustomed to the cab procedures 
and the limits of the terrain model. The CH-47 simulated was 
the C-model which is equipped with Pitch Stability Augmentation 
(PSA) . The pilot had no flight experience in the C-model and 
was unfeoniliar with PSA. The system was switched off, and with 
PSA inoperative, the pilot stated that the handling was more like 
that of the B-model Chinook. Cab motion cues, with the exception 
of side force, were found to be weak, especially in the vertical 
axis. Sideforce cues in response to pedal, inputs were satisfactory. 
Overall pilot opinion of the fidelity of the Chinook simulation was 
very favorable. 

4.2 EVALUATION OF Au^ANCED HINGELESS ROTOR XV-15 SIMULATION 


The pilot's report on the HTRXV-15 simulation is presented as 
an appendix. A detailed table of runs made at selected flight 
configurations is presented in Table 2. Pilot and engineering 
comments on the various maneuvers are included in this Table. 

The following additional comments on the piloted evaluation may 
be made. 

0 The effect of the cyclic-on-the-stick system for loads 
control on handling qualities does not appear to be 
noticeable by a pilot. This system was switched in and 
out during successive runs without provoking any pilot 
comment . 

0 The changes made to the rotor governor to prevent collec- 
tive runaway were successful. No governor failures were 
encountsjred when flying high rate of descent, low power 
approaches. Rotor rpm was held with prescribed tolerances. 


i 
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TABLE 2. SIMHIJVTION RUN SUMMARY WITH PILOT AND ENGINEERING COMMENTS 
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TABLE 2. SIMULATION RUN SUMMARY WITH PILOT AND ENGINEERING COMMENTS 
(CONTINUED) 
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A piloted evaluation of an Advanced Hingeless Rotor XV-15 
Tilt-Rotor Aircraft was made by a NASA pilot who had previous 
flight experience in the current XV-15 simulation on the NASA 
Ames FSAA simulator. The following conclusions and recommen- 
dations are based on the results of the simulation. 

1. Overall SCAS-on flying qualities are reason- 
ably acceptable. More work is required, 
however, to improve turn coordination in rapid 
nap-of-the-earth type maneuvers. Also more 
damping and control power should be provided 
in the roll axis for this mode of operation. 

2. Some SCAS tailoring appears desirable in the 
pitch axis to eliminate a tendency toward P.I.O. 
at nacelle angles between 70® and 90® at low 
airspeeds. 

3. Conversions and reconversions, SAS-on, are very 
easy to accomplish. Pilot vigilance must be 
maintained, however, to avoid overtorquing . 

Automatic mecuis of preventing this should be 
investigated. 

4. The force-feel trim system requires improvement. 

5. With the modified governor system no governor 
failures were encountered during high rate of 
descent low speed approaches. Also with the new 
governor, single engine failures were easily 
managed by the pilot. 

6. A substantial amount of collective-to-pitch 
coupling exists in the helicopter mode. This 
may be exaggerated by the rotor math model 
equations and will be investigated. 

7. The coupling of nacelle tilt with pitch attitude, 
due to the large pitch damping provided by the 
hingeless rotors, should be reduced by feeding 
forward nacelle tilt rate into the SAS. 
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APPENDIX 


The following pages present the NASA pilot's written report on his 
evaluation of the Advanced Hingeless Rotor XV-15 Simulation at 
Boeing Vertol. 



»<ASA-A'ins FCF: 211-3 
Moffett Field, California 
May 26, 1977 
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MBIORANTUM for Tom Galloway, Tilt Rotor Project Manager 
From: LTC T. K. Kright 

Subject: Trip Report - Travel to Boeing Vertol, Philadelphia, PA, 

16-20 May 1977 


Purpose - To perform preliminary simulation by a Government research pilot 

of an advanced hingeless rotor for the XV-15 tilt-rotor aircraft. 

Simulation Time - Approximately 15 hours 

Scope - Hover - IGE/OGE 

Slow speed flight (Nacelle Tilt 75®-90®) 
conversion (Nacelle Tilt 90®-0° and 0O-90®) 

Cruise - Airplane Mode 
Accelerations /Decelerations 
Nap of* the earth flight 
Stalls 

Rapid Descents 
Crosswind approaches 
SAS failure analysis 

General: 

a. A CH-47 !*ath irodel was utilized to check the validity of simulation 
and was fovu)d to be as valid as any simulation this pilot has flown. 

b. TI;c siruj it ion had only bUck and white vi>,*eo .-nd a nu.ige base motion 
sy'-l ' it ‘...iS £irp“'‘>in!^ly ^'•'od fcr most of the s-iralation tasks 

!red. It i-cni-or- d fc. r.-^ly to f'J'.e vcr.ent si iulation flown by 
this pilot of the XV-IS ri.’ ’:!-ition >'in rSA\ sh.ulator at Ames 
Research Center. 

c. The flight control system ' as a fly-by -wire system \diich incorporated 
damping and/or control qi.’' g .-s le^uired in all flight control 
axes (pitch-roll-yaw) ••■..id ufilii i loll "ttitude hold and yaw heading 
bold below S3 kts and yaw . ro o .-wleslip control above 50 kts. 

A fcrce feel system was util ic'd . Ith a force trim release button 
t'.-it iristantaneoxisly redi >.^'1 c)i:lic ai'.d pedal forces to zero when 

d- ;.v-cssc-d. Trim rate mot< r'; \,fiC also provided to reduce trim forces 
^o . ro rri nil three fli* *t control axes. 
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d* Unless otherwise specified the following handling qualities discussion 
is with all stability systems functioning. 

Hover: 

a. Handling characteristic variations between IGE 6 OGE were not 
discernible in simulation. 

b. During Hands off hovering flight in smooth air the aircraft maintained 
a steady fixed attitude in all axes. A small lateral translational 
oscillation occurred at times but was most probably due to a visml 
simulation conputer iqpdate error. 

c. In the Hover mode (up to 50 kts fwd speed) when the force trim 
release button was pushed, two elements of stability augmentation 
were lost; i.e., heading hold and roll attitude hold. Roll attitude 
required moderate pilot compensation to control in this mode and 
heading control became very difficult due to large yaw discursions 
requiring constant pedal movement to control the yaw axis. By 
changing the logic so that these two stability modes were not lost 
when the force trim button was depressed the handling qualities in 

a hover were greatly improved. 

Slew Speed Flight: 

a. At Nacelle angles of 90® it is extremely difficult to command forward* 
speed. Large longitudinal displacements are required (up to full 
stick deflection was required on some longitudinal control sensitivities 
tested) to obtain a constant altitude acceleration. A 15° nose down 
aircraft attitude was required to maintain 90 kts forward speed. 

The combination of large longitudinal stick deflections with the 
resulting large stick forces and large nose down aircraft attitude 
was disconcerting to the pilot and resulted in slew accelerations to 
90 kts forward speed due to tliO pilots hesitancy to use the control 
required to put the aircraft in the proper attitude for forward 
acceleration. 

b. At a Nacelle angle of 85°, a 10° nose dc\cn attitude is required at 
90 kts forward speed and is not as disconcerting to the pilot. 

c. Experience shelved that the quickest and easiest way to control 
acceleration or dercleraticn in slow speed flight was by use of 
rncelle tilt to comrand both the speed desired and the resulting 
level aircraft attitude (75° nacelle tilt gives a level attitude 
at about 80 kts). 
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d. Collective to pitch and nacelle tilt to pitch coupling are large 
in slow speed flight where the nacelle angles are greater than 70° 
of tilt. Pilot induced oscillations could easily be induced when 
too rapid a rate of collective or nacelle tilt was utilized i^le 
at these helicopter nacelle angles for slow speed flight. 

e. llHii coordination is diffiailt at slow speeds. At speeds above 5C kts 
the heading hold function of SAS changes to atterrpt to maintain sideslip 
at zero degrees. At the slower speeds (up to 90 kts), sideslip was 

^ experienced during turns and was especially uncomfortable during rapid 
control reversals. Tailoring of this SAS characteristic would be 
necessary to provide good hailing qualities in the slow speed flight 
regime. 

f. Control forces were hard to trim to zero in slow speed flight. 

Pressing of the force trim button degraded handling qualities 
appreciably and trimming individual control axes, with the rate trim 
systems provided, was time consuming and required too much of the 
pilots attention. An instantaneous control force release system 
that does not degrade handling qualities is a must for slow speed 
helicopter modes of flight. 

Nap of the earth flight: 

a. A slow speed nap of the earth course was developed to compare the 
handling qualities of this rigid rotor simulation to those recently 
conducted at Ames on the XV- 15. 

b. Ihe rigid rotor nap of the earth handling quality characteristics 
were vepr similar to those observed while flying the recent XV- 15 
siruilation at Ames. 

c. i\vo handling quality d.aracteristics need iirproverent to provide a 
good maneuverable nap of the earth aircraft; i.e., 

(1) Tncreased roll control power to provide for a rothod of 
more rapidly con. inJing desired bank angles and, 

(2) Improved turn coordination to prevent lax'ge sideslip angles 
from developing when doing rapid cojitrol reversals. 

Acceleraticns/Deceleraticns : 

a. Acceleraticns/r'*celorat.:ons were difficult to acconylish in the 
helicopter mode (90° nacelle angle) due to the large aircraft pitch 
attitude change requirt.-ents. (15° Nose down for acceleration and 
15° Xese for deceit :":t ion.) 
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b. Accelerations/Decelerations were not performed utilizing nacelle 
ajigle as a control but this method or a combination of nacelle tilt 
and aircraft attitude change would probably produce a better method 
of changing airspeed rapidly close to the ground. 

Conversions : 

a. A conversion corridor indicator was provided to show stall boundaries 
and stress limits and provided an easily readable tool for the pilot 
during rotor conversions. 

b. Conversion from helicopter mode to airplane mode was a very simple 
operation and basically required the moveiTient of only one control 
(nacelle tilt). The power lever could be left at the setting for 
OGE hover. By moving the nacelle tilt control at the rate that 
permits maintaining a level attitude to stay within the conversion 
corridor, pilot workload was minimal. 

c. kitomtic changing of rotor KEW is provided during the final few 
degrees of nacelle tilt and as currently configured created a power 
management problan. As was changing automatically, torque would 
rise beyond limit values for the transmission drives. A limit control 
of some type is a must to prevent over torquing of the transmission 
drive systems during conversion. 

d. Conversion from airplane mode to helicopter mode is not difficult 
but is not as simple as forward conversions because power management 
is more difficult due to a non linearity in power requirements. It 
is difficult to slow the aircraft from Vmax to 160 kts to enter the 
conversion corridor due to what feels like a clean configuration 
and since speed brakes are not provided veiy low power settings must 

be utilized in slowing the aircraft. Power management during conversion 
from the airplane to the helicopter iwxfe is required to change the 
power from the low power settings during airplane deceleration to 
the higher po\.er sett:;.gs required at slow speed flight and it is 
vt.*ry easy to slide back into the stall area of the conversion corridor 
before getting the nacelles tilted to the helicopter mode. 


Stalls : 


a. Stalls Were inadvertently tested during conversions at low power 
settings, and the characteristic airplane stall mode occurred. 
drop (loss of pitch control) was followed very shortly by slight 
wing drop (loss of aileron control). 

b. Recovery frem stall was easy if it was started immediately upon 
recognition of the stall. 
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c. Recovery from deeper stalls were not possible due to simulator 
visual limitations. 

Airplane Mode: 

a. Final conversion to the airplane mode occurs at approximately 160 kts. 
Between speeds of 160 kts and 240 kts the aircraft handles very well 
with the following exceptions. 

b. At speeds below approximately 170 kts, with the flaps iq), a noticeable 
reduction in roll dairying occurs and it is possible for the pilot 

to induce a roll oscillation at these speeds. By placing the flaps 
at 40® this PIO tendency is considerably redix:ed. 

c. Tlim coordination is a problem in the airplane mode just as it is 
in the slower flight and conversion modes. Rapid roll reversals 
produce undesirable side forces that are difficult for the pilot 
to eliminate with pedal control. 

Single Bigine failures: 

a. Single engine failures did not produce undesirable handling qualities. 

b. A possibility of overtorquing of transmis sion/drive systems could 
occur if a failure occurred at a high power setting because the good 
engine automatically assumes the load that was previously conmanded 
for both engines. 

c. In OGE Hover a rate of descent of approximately 400 ^ occurred 
with a single engine failure. This descent could be stopped within 
approximately 100 ft of altitude loss by flying forward to an airspeed 
of 40 kts or greater where level flight could be maintained. 

Minimum power descents: 

a. power descents, up to 4000 fpm rate of descent were checki.d 
to determine <ngine govn.rior characteristics. No problems of engmie 
governing or governor disccnnect were observed. 

b. A problem of pitch attitude control occurred during these tests. 

A large a: C’int of collective to pitch attitude coupling exists in 
this aircraft at nacelle angles used for approaches to land. This 
coupling triggers large pitch changes when the collective is 

Icr. ered to start the approach. The collective sensitivity is \eiy 
high at the lower collective settings, resulting in even larger 
observations of collective to pitch coupling during descents. T?^e 
longitudinal control sensitivity was made high to allow for h r*er 
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connand of pitch attitude control for accelerations and decelerations 
in the helicopter mode. This resulted in an easy to trigger, 
difficult to stop pilot induced oscillation when attempting to 
control pitch attitude during descents and approaches. A better 
tailoring of these control characteristics is a must to prevent 
pilot induced oscillations in the pitch axes at helicopter speeds 
and helicopter nacelle angles (7C®-90®). 

Crosswind Approaches: 

a. Crosswind approaches in both sioooth and gusty air at 20 kts of 
crosswind were flown with no difficulty. A comfortable yaw control 
margin appeared to remain. 

b. Yaw control power was checked and it appeared sluggish when large 
yaw angles were needed due to heavy damping by the SAS. When the 
SAS gains were changed yaw control power appeared satisfactory. 

SAS failure analysis: 

a. The aircraft was flown throughout its operational flight envelope 
with the SAS OFF and was found to be controllable. 

b. It is possible to produce pilot induced oscillatiortS that can diverge 
if the pilot does not diligently keep all perturbations to small 
values throughout the flight envelope. The critical areas arc as 
follows: 

(1) At slow speeds to 90 kts), with the nacelle angles between 

70® and 90®, pitcA is the most difficult axis to control, 
especially vhen rapid collective and/or nacelle tilt rates 
are experienced. 

(2) At nacelle tilt angles of less than 70°, roll damping is low 
and roll attitude is difficult to control. In this regime of 
flight from airspeeds between 90 kts and 240 kts, turn coordliuntion 
is also critical. A slight inattention to turn coordination 
results in a side force and sideslip which couples with roll 

and can easily cause a roll divergence when an attempt is made 
to center the ball. 

c. Attw pts were made to fly with S.AS CFF and with the force trim 
doproised to relieve all control forces. Hus was difficult but 
i-oEsible to ncccrplish in the helicopter r<^de; and in^ssible to 
nccc-plish in the conversion and airplniie irodes at nacelle tilt 
angles loss than 70®. This was dec to the difficulty in controlling 
roil oscillations and in ent rolling sideslip. 
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d. A triiti system that allows trinming of control forces to zero, 

instantaneoiasly in the helicopter mode and with a rate trimmer in 
the airplane mode, but that does not allow the pilot to remove 
control gradients in the airplane mode is essential. 

Summary: 

a. In slow speed flight in the helicopter mode (Nacelle 70®-90®) 

pitdi attitude is diffiailt to control precisely and P.I.O. can result 
with the currently tailored SAS system. 

b. Heading control is difficult in a hover if heading hold is disengaged. 

c. T\im coordination is difficult at all speeds, 

d. Roll attitude control is difficult at all speeds when roll attitude 
hold is disengaged. 

e. Accelerations/Decelerations are difficult and require excessive 
aircraft pitch attitudes if the nacelle angle is held fixed. 

f. Nacelle tilt and collective coupling to the pitch axis are large 
in the helicopter mode (Nacelle 90°-70°). 

g. A force trim system that allows instantaneous zeroing of control 
forces in the helicopter mode within degrading handling qualities 
is a necessity, 

h. Increased roll control power and improved turn coordination are 
necessary for nap of the earth flight. 

i. fonversions and deconversions are easy and are greatly facilitated 
by use of the conversion corridor indicator. 

j. Improved power manag'.r-.ent autcratic controls are necessary during 
conversion to prevent transmission/drive train overtorque. 

k. Yaw to roll coupling dugrn^es handling qualities at nacelle angles 
below 70° and airspeeds above 90 toots, 

l. Roll daj.Tping appears low in the airplane rode and is the most difficult 
axes to control, 

m. Single engine failures do not de£,vado handling ipialities. 

n. Hie aircraft is controllable with SAS OFF but is difficult to fly 

would piobably be limited to flight in this regime for training 
cr in an e, erg-.ucy situation only. 
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Conclusions: 

a. A few of the problems found during this simulation could be the 
result of the rigid rotor characteristics, i.e,, 

(1) Acceleration/Deceleration characteristics in helicopter mode. 

(2) ^iacelle Tilt to pitch; and collective to pitch coupling in 
the helicopter mode. 

(3) Longitudinal PIO tendency during approaches. 



b. Most of the problems appear to be control and/or SAS tailoring problans 
with the possibility that simulation problems exist that indicate 

a problon which may not exist in the actual flight hardware. 

c. This pilot was generally impressed with the mission potential of 
the rigid rotor tilt rotor aircraft concept and feels that the 
simulation model presented was of good quality .for this point in 
the life cycle development. 

Recommendations : 

Continue development of the rigid-rotor tilt rotor concept. 



cc • 

Dr. Statler 215-1 
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